tremendous research attention recently due to their extensive applications. As sensor nodes being battery operated, many researchers have made attempts to prolong the lifespan of the WSN by reducing the-per node energy consumption and efficiently utilizing the sensor nodes. However, in the tradition WSNs, nodes were homogeneous and hence could not take full advantage of the presence of heterogeneity in the network. To solve this problem in this paper, we propose Geographical and power based clustering algorithm (GPCA): a heterogeneousaware clustering protocol, which has significant impact on the entire energy dissipation of WSNs. In GPCA, a Virtual Header (VH) transfers data to the nearest VH, and the nearest VH forwards the data to sink node. In this way, the energy dissipation of the entire network is reduced because of the transmitting distance between VHs and the sink that is greatly shortened. Also, a large number of nodes are self-organized by a distributed cluster formation technique. Moreover, a randomized technique is used to rotate the local cluster-heads base on power label in order to evenly distribute the energy load among the sensors in the network. GPCA uses geographical position to enable scalability and robustness for dynamic networks. By using simulation, the proposed GPCA scheme shows superior performance over the current energy-efficient schemes in terms of network lifespan, Energy dissipation and number of alive nodes.
INTRODUCTION
Due to the high network scalability, wireless sensor network (WSN) is widely used for specific applications such as remote environmental monitoring, precision farming, smart spaces, medical systems and etc. It's one of the cooperative networks which have limited interference that will form the next generation of wireless networks. Due to the small size, low cost, deployment flexibility and maintenance simplicity sensor node can be arranged in extremely poor condition. When node is deployed in the sensor network it is a difficult process to replace the batteries.
We can classify the current clustering design for WSNs in two ways. (a) Minimum Transmission Energy (MTE) - [1] the transmission power is expended by the data which is routed over minimum cost routes. Nearest node to the sink act as relays so those consume a lot of energy comparing to farthest nodes. That's why this design can't be guarantee well balanced energy load distribution among nodes. (b) Direct Transmission (DT) [2] -here farthest node from the sink would die first because of directly transmitting data to the sink. We can see nearest and farthest nodes are dying fast in both of clustering design. In this case a part of the network field can't be monitored by sensor nodes for a major part of their Lifespan. In [3] W. R. Heinzelman proposed a solution where clusters are dynamically created and well distributed to improve the energy load using probability which is called LEACH.
Most of the analysis for LEACH type schemes use homogeneous sensor where all node have the equal amount of energy. In this paper we have used heterogeneous sensor networks -in terms of node energy, where nodes are equipped with different amount of energy level. There are many useful applications (e.g. re-energization) of heterogeneous sensor networks which are much encouraging to understand the usefulness of heterogeneity. Adding more nodes will reenergize and increase the lifespan of sensor networks. Newly added nodes will be equipped with more energy than the used nodes, which creates heterogeneity in sensor networks. In [4] authors suggested to add different types of nodes which is costly for practical use. Here we are trying to increase the lifespan of the network by simply distributing extra energy consumption to some existing nodes without introducing new nodes. Sensor node's reliable feedback is very important for many applications. So it's necessary to increase the stable period of the whole sensor network. Our proposed GPCA is a geographical and power based heterogeneous clustering algorithm which prolongs the stability period by selecting a cluster head depending on the highest reschedule energy level. By simulation we show that GPCA has longer stability in heterogeneous networks, which is more flexible than LEACH because it intelligently consumes the extra energy of advanced (more powerful) nodes.
The rest of the paper is organized as follows. In section II we briefly review the clustering algorithms. Afterwards, we describe the overall architecture of the proposed clustering algorithm in section III. Furthermore, as simulation, we analyze network lifespan, energy efficiency and the performance of the GPCA scheme in section IV. Finally we draw summary of the paper in section V.
II. RELATED WORK
During recent years, a number of algorithms on selfconfiguring clustering had been presented to achieve energy efficiency. All nodes in a sensor network try to make cluster with nearest nodes at the first time activation of sensor network. So the clustering avoids the sensing redundancy and reuse the limited resource (e.g. radio frequency) [5] . Moreover, some nodes in a cluster play as a watchdog role in the network to monitor and identify the misbehaving nodes and gather data from nodes [6] .
W.B. Heinzelman in [7] proposed LEACH, a selforganizing, distributed algorithm. The operation of LEACH is broken up into rounds, where each round begins with two phase. (a) Set-up phase -each node decides with predefined probability whether or not become a cluster head. Although for a sensor node which has been selected as a cluster-head once then there is no chance to become a cluster-head again in a working cycle, it is still possible to consume much more energy than other nodes. For example, it has to serve as a "forced CH" in each round or manage negotiation and collision avoidance mechanism for too many nodes because of the uneven distribution of sensor nodes. However, in next working cycle these nodes with low residual energy have the same opportunity to be elected as cluster heads, which will reduce their battery energy very soon. (b) steady-state phasesensor nodes transfer data to the sink node and cluster-head is maintained. Moreover LEACH consumes a lot of energy resources because it considers only on the spatial density of the sensor network not the heterogeneity of nodes in terms of their initial energy.
S. Lindsey proposed PEGASIS [8] to improve LEACH by an optimal chain-based protocol. Where the energy consumption per round is reduced by transmitting the data to the sink node via a close neighbor node. M. J. Handy et al. [9] extends a deterministic component to the LEACH's stochastic cluster head selection algorithm. It depends on the network configuration and increased network lifetime almost 30%. C. M. Liu et al. [10] adopt the cluster-heads counting and reference point setting way to carry out the clustering strategy in wireless mobile sensor networks. For the existence of network issues "hot spots" in WSN, C.F. Li et al. [11] discuss the clustering strategy EEUC (Energy-Efficient Unequal Mechanism), which uses a local competition to elect the cluster-head. During the period of transmission, the single-hop communication is utilized for the intra-cluster, and multi hops for the inter-cluster to base station. Ying Wang et al. [12] , introduced a new approach-Monte Carlo-based mathematical method to simulate LEACH in WSN. Liang Ying et al. [13] proposed an energy adaptive cluster-head selection for WSN.
This approach ensures the balance load of the whole network, greatly extends the network life time.
From these backgrounds, we design GPCA clustering algorithm to improve energy efficiency for heterogeneous sensor networks.
III. GPCA PROTOCOL ARCHITRCTURE
The idea of clustering in WSNs is not new. The negotiation and collision is the main cause of energy dissipation, it can be reduced by cluster structure. When two nodes negotiate with each other through wireless communication it consumes a lot of energy. Most existing clustering algorithms are [14, 15] not suitable for reducing the negotiation process for proposed routing process. The distributed clustering algorithms have some desirable properties. They are as (a) to reduce the overhead for cluster construction process should be as easy as possible. (b) to fit any network size and topology, the cluster is essential to be scalable (c) to avoid frequently reform, the cluster is essential to be stable (d) the same cluster formation process should be run only in the non-negligible mutual impacts nodes (e) the interactions among the cluster should be disjointed to lower the complexity.
In GPCA consider the desirable property, the Euclidean distance between nodes determines the strength of mutual impacts between them. Moreover, the independent behavior of cluster node depends on avoiding frequent cluster reconstruction. Also the geographical position is very easy way to recognize the identity of a cluster. We assume that in the network area each sensor node is able to know its own position by equipping with GPS. We chose network center position as a reference origin point. Here in the network area all points are chosen as relative position with origin point.
A. Geographical clustering
Considering the discussion of desirable properties, we proposed the GPCA which is a geographical position based clustering algorithm. The primary goal of our approach is to increase sensor Network lifespan. The fully connected cluster's sensor nodes communicate directly with each other. So, Sensor nodes can avoid routing process in absence of multi-hope negotiation for exchanging control messages.
We assume that, the maximum communication distance is d, which is the cluster circle diameter (Figure 1 ). All the sensor nodes in a circle are fully connected. Though, the circles (or rectangular) have interspaces to partition the whole WSNs area, so this circles should be approximately replaced by hexagons with external diameter of d. Each hexagon can be assigned with a unique two-tuple (xID, yID) identifier, which exclusively define the hexagon center's coordinates (x c, y c ). The unique two-tuple (xID, yID) identifier is used to determine the hexagon center's coordinates. We use the following process to calculate the hexagon center's coordinates. In our proposed GPCA clustering algorithm, the clusters are disjointed, so they are stable and not affected by nodes arrival or departure. Also, the cluster formation process is simplified by the independent decision of cluster's sensor nodes. Finally, the GPCA algorithm is scalable, in view of the fact that the number of sensor nodes can't affect the maximum cluster number on the WSNs area.
B. GPCA Cluster formation
It crystal clear that if node i belongs to any cluster (xIDj, yIDj), the distance from node i to cluster center (x c , y c ) is the shortest distance among all other clusters center to node i. The sink node uses formula (1) to calculate the whole network cluster center coordinates (x c , y c ), and we assume that all sensor nodes are aware of all cluster center coordinates (x c , y c ). So if there is a node i with coordinates (x i , y i ), it can identify the ID of the cluster it belongs to by following procedures (3) & (4):
When node coordinate is positive
When node coordinate is negative
Though the diameter of the cluster circle is d, the maximum distance between any nodes and cluster center is d/2. We can calculate the distance between node and each cluster center very easily with (2) and (3) using arithmetic addition and subtraction. The sensor node chooses the nearest (in Euclidean distance) cluster among all clusters. After that, the clustermate nodes broadcast their id, coordinate and clusters ids after choosing independently their cluster. For an existing cluster, the new arriving nodes which wants to join in a cluster, they should report their id, coordinates and chosen cluster id to the cluster head.
The cluster head is responsible for processing control packets, handling arrival and departure of sensor node within the cluster. Cluster members are dynamic so the computation load of the cluster processes consumes a lot of energy, that's why a permanent cluster head is not suitable. Here we propose a VH mechanism, VH is not a node but it's a cluster wise unique packet. The VH mechanism jobs are reflected in this packet which is also called token. The node arrival and departure changes the number of cluster member nodes in the token packet. The clustering process is divided into two stages: the inquiry stage and the formal stage. In the inquiry stage, all VH sense the environment information (e.g. spectrum information, data collection). Nodes intending to transmit data put their information into the token packet. Only the nodes listed in the token conduct the formal stage. During the formal stage, the token packet is passed among listed sensor nodes and selects the VH based on its remaining energy. For node heterogeneity reason, advance node will get more chance to be the cluster is the communication range of the sensor node) neighbor by receiving signal strength or directly delivering data to the sink node. While the close VH accepts transferred data, it will forward it to the sink node directly (Figure 2 ). Each VH only can forward the transferred data once in a single round. 
IV. SIMULATION AND RESULTS ANALYSIS

A. Simulation Scenario and Parameters
In order to evaluate the performance of GPCS, we have implemented it on the MATLAB. For our simulation, we simulate the algorithm with 50 normal and advance nodes that are placed uniformly, distributed in bounding area between (x=0, y=0) and (x=60,y=60) with the sink node at location (30,30). The sink is in the center of network area. In Figure 3 we can see all nodes in the network when they are alive or dead. Also we can see cluster center, cluster head and sink node position in the network. All the normal nodes have same initial energy level and advance node have E o *(1+a) initial energy level (Figure 1) .
The experiments described here, radio hardware energy dissipation for free space and multipath channel model depends on distance between transmitter and receiver. [16, 17] . Power control can be used to invert this loss by appropriately setting the power amplifier-if the distance is less than a threshold (d o ); the free space (fs) model is used to directly send data into the sink otherwise send data to the nearest VH node or directly send data using multipath. Thus, to transmit a k-bit message over a distance d and E elec is the electronic energy for data sending and receiving, the energy dissipation by the sensor node radio is (4) .
VH node receives this message from cluster member nodes; the energy dissipation by the radio is (5) In a wireless sensor network, the computing capacity and stored energy of a node is very limited. In particular, the limited energy affects the lifespan of information quality of the network. For this reason, we evaluate the algorithm based on the efficiency of the network energy consumption. We use three performance parameters: (a) Lifespan-The lifespan of a sensor network is the time span from the beginning of the network operation to the instant that the network can no longer provide readable information, measured in the number of rounds. It can be measured in Cluster Center compare the performance of the LEACH clustering protocol and our progressive clustering protocol.
B. Analysis of simulation results
We used table I simulation parameter values to make several experiments to make comparison between GPCA and LEACH. It is clear from the simulation results shown in Figure. 4 that lifespan of new progressive clustering protocol is longer than the original LEACH protocol. Lifespan of the network with the new protocol is almost greater than double of the old protocol. So GPCA is more stable then LEACH because all nodes try to share their lifespan homogeneously. Advance nodes (nodes having more energy than the normal nodes) are more energetic to be cluster head than normal nodes. . Shows the stable region of GPCA is extended compared to LEACH. Moreover, the unstable region of LEACH is shorter than GPCA. This is because Under GPCA, the advance nodes follow the death process of normal nodes; as the selection of VH depends only on remaining energy of a node within a cluster. Advance nodes try to perform all cluster head jobs, hence the normal nodes stay longer time in the network. In Figure 6 , we compare the LEACH and GPCA algorithms. In the 100th round, LEACH total energy remains approximately below 0.9 Joule, but GPCA above 1.5 joule. Therefore, we can have a conclusion that GPCA has a less energy dissipation than LEACH. All nodes in a cluster are in the communication range, so they spend minimum energy to transmit data to the VH.
V. CONCLUSION
In WSNs, clustering algorithm can be a key energy saving approach to enhance the survival time of the network by reducing the energy dissipation of the nodes. To minimize the energy dissipation problem, we proposed a progressive algorithm called GPCA for the cluster head selection, which is appropriate for the WSN. In this algorithm, every node in the heterogeneous network independently elects itself as a cluster head based on its remaining energy comparing to other nodes. Since the proposed GPCA does not require any global knowledge of the network in the election round, the level of long hop communication between nodes is limited. Simulation results show that the proposed algorithm is much more efficient and can almost double the lifespan of a wireless sensor network and can be easily implemented.
